
��

�
�

��

��

� �
�

� �	




�

�




� � �	

�

�
�

�
�

� 	




�

�

�

�

�

�� �

�
� ��

�
�

� �

���
�

��

�! #
"

�
$

%

�

&
'(

�

�

&

)+*

,
-

'

�
.

/

�

.

� � �

02
1

3

 #4

57
6

8
9

:
; -

4

< <=

>

$ �

� &
'

?

� .

-

'

&@A ; -

�

&

.

B

C

DEFG

H

I
J K

DF

L

E

J H

M

KN

O
P

QR

EFG I
S HT

EG

H

I
J

B

U D

J

D

S

E
V HT

DW

X

E

S

G I
J

W

H

MG

S H

YZG

H

I
J

M

N

P I
J

F D

X

G

[

J

Z F

V

D I
J

MG

S

Z FG Z

S

D

>

\

� � �A

'

�
]

�

.

- �
^ �

-

�

�
�

�� �-

_̀

9 4

a �
b

c

d S

D M D

J

G EG

H

I
J

Y

eg
f

h

i

I I

jlk

m

c

n
o

m

U

V

Z I
J

U

d Q

[qp

G

S

E

J

M
r

D

S

M D

H K

E

s

HJ

su
t

jlk

v

c

w

k

x

o

y

z|{

}

~

O

Z E

S• L

D

V H

F

H

G

e•€

‚ H

X

U

d Q ƒ R S

I

K

S

DF I

HV

X

I

V

E

S HT

EG

H

I
J

„

F

R h…

†

}

‡

jˆk

v

c

w

x

o

y ‰

Š

‹

‰
•Œ

Š

[

L

e

X

D

S

I
J S

D M I
J

E

J

F D M

w

x

o

Ž••



��

�
�

��

��

�

�




� � �� � ��

��

�

� �

� �	 �


 ��

� 	

�

�
�

x - xx + x

� � �

� � �

� � �

� � �

� � �

� � �

� � �

� � �

� � �

� � �

� � �

� � �

� � �

� � �

� � �

� � �

� � �

� � �

� � �

� � �

	 	 	

	 	 	

	 	 	

	 	 	


 
 



 
 



 
 


� � �

� � �

� � �

g

Q2

e'

e

� � � � � � � �

� � � � � � � �

       

       

� � � � � � � �

� � � � � � � �

� � � � � � � �

� � � � � � � �
� � �

� � �

� � �

� � �

� � �

� � �

t

p, r
K, *K

GPD

GPD
N, 
L, S

N N

N

L

>

��

&- &

.

0

]

� � &

.

)

'

&@A ; �@

� . '

� �; -

�

&

.

^ �

-

�

�

� .

/��

�

)

�

'

- &

. � .

- �

'

/

�-

>

a �

.

�

'

�

� ��

�@

)

�

'

- &

.

@

�

�-

' �

�A -

�

&

. �

���

�

�
���

�

 

; &

]

�

� .

� � � �

)

�; - � &
! �" #

�
.

@ �

�

� �-

�

;

# #

 

A

. �$

�

'

� �

�

 

)

'

&; � � �

6

� .

@ �

)

�

.

@ �

.

-
%

>

#

�; - &
' ��

�-

�

&

.

&

�

�

&
'

-

6

@

�

�- �
.

; � @ &

] � .

�
.

; �

# � . �

- �

6

�

��

� ; &
' '

�; -

�

&

.

�
'

(

Q h)

*

Z

V V

D

S

DG E
V h

+
,

-
. S

I W M

•

e

DG E
V h

+
,

-

P I

V V HJ

M DG E
V h

+/

-

C

E W

e
Z M

L• HJ

+ /

[

i

H

+ /

0



�

��

�

� 


�

�

�

�

�




� � �

�

� 	

�

�

�



�

� 	


 �

� � 	

�

�
�

� � �

� � �

� � �

� � �

� � �

� � �

� � � �

� � � �

� � � �

� � � �

� � � �

� � � �

P

DT

� � � � � � � �

� � � � � � � �

	 	 	 	 	 	 	 	

	 	 	 	 	 	 	 	GPD

xP xP

>

$ '

�
.

�

$

�

'

� � ; & &
'

@

� .

�- �

'

�

)

'

� � �

.

- �-

�

&

.

�

��


�

�

�

���

��

���

� �

� �

I

R

X

E

S

G I
J

M

� H

G

L K

I

K h

�
�




�

�

��

�

�
�

�
�

�

���

�! 

�

G

S

E

J

M
r

D

S

M D M

X

EG

H

E
V

W

H

MG

S H

YZG

H

I
J

b

longitud.

transverse

xP

x ~ 0.8x < 0.1 ~ 0.3x

pion
cloud

valence
quarks

(

.

Z

S •

E

S

WG

"
#

-

Q H

D

LV

"
#

0

>

*

$

&

]

&

/

'

�

)

� �

;

3

� ]

�

/

�

&
! .

A ;

�

� &

.

�-

$%

�@ �

>

&

A ;

�

� &

.

�-

'

A ; -A

'

�

%

b

�

�

�

.

; �

'

A �

'(

�

*

)

�

&

.

;

�

&A @

3

/��

A &

.

�

� � �



�

��

�

� �

�

�

�


 ��

� 	

�

�
�

�

A �

'(

�

A

.

)

&
�

�

' ��

�@

�

� �

� �

� �

� �

� �

� �

� �

� �

� �� � � �	 	

�

��� ��� ��� ���

g
m

� � � � � � �

� � � � � � �

� � � � � � �

� � � � � � �GPD

�

�

 

" � '

�;

�

�

�A

� �

���

$ '

�
.

�

$

�

'

�

�

-

?

�

)

&
�

�

' ��

�@

�

�

�

�
�

�

�

 

�

% �

�

�

�

�

)

� �A @ & �; �

�

�

'

transverse
spin

x

slower

faster
quarks move

q

longitud.
spin

q

ƒ� Q H

MG I
S

G

H

I
J

I

R

�

Z E

S• V

I
J

s

H

G Z W

HJ

E
V �

�

�

� �

 

X

EG

H

E
V

W

H

MG

S H

YZG

H

I
J

K

IG

H

I
J

Y

e

G

S

E

J

M
r

D

S

M D M

X

HJ

(

.

Z

S •

E

S

WG

"!

0

I

R

�

Z E

S • L

D

V H

F

H

G

e



�� �
�

�




� � �	

�

�
� ��

� � �	

�

�
� �

� �
�

�

� �

�

�

� � �

� � �

� � �

� � �

� � �

� � �

� � �

� � �

� � �

� � �

� � �

� � �

� � � � � � � �

� � � � � � � �

� � � � � � � �

� � � � � � � �
	 	

	 	


 



 


t

Q2

N

M

N'

GPD

hard

pointlike

��

F

V

Z M

Hr

D

r

DFG I
S K

D M I
J



€

M

V

I

X

D

3

4

5

6

7

8

9

10

11

12

13

0 5 10 15 20 25 30 35 40

r  ZEUS (prel.)
r  ZEUS

f  ZEUS (prel.)
f  ZEUS
J/y  ZEUS
J/y  H1

r  H1

Q2 (GeV2)

B
 (

G
eV

-2
)

r

J/y

>

�

�

� �

� \

� � &

.

)

'

&@A ; �@

� .

)

&

� .

-

� �(

� ; &

. $

/

A

'

�-

�

&

.

 

�

6

�

�

&

)

�

� .

@ �

)

�

.

@ �

.

- &
!

�

�

 

,

� �

. � . �" �� $

�; - &
' ]

� � &

.

@ �- �

%

>

�

�

�

!

�

^

a �
b

�

�

,

A � �- �
.

-

�

�

�

$ . �

- �

6

�

��

� ; &
' '

�; -

�

&

.

�

�

� �

/

�

�

'

-

^ �

�-

�

�

"

?
.

�

] �

; �

� ]

&@ �

�

�
^ � � .

-

' � .

�

�

; �

�

(

� S

E

J • R

Z

S

G DG E
V h

+/

-
�

E

J

W D

S L

E D

s

L

D

J

DG E
V h

+�

-

f S

I

V V

[

U I

V

I M

•

I

•

I

r

"�

0

�

� .

�

�

?

�

� ;

'

& � � � �; -

�

&

. '

�-

�

& �



�� �
�

�




� � �	

�

�
� �

�

��

�

�

��

���

�

�

�




�

x

�

�

���
	

�

�

	

��
�

	



�

�

�

•

�

�

�

�

�

�

�

x

�

�

x

�

�

�

�

�


�

x



�

�

x

���

��
�

�

�

�

�

�

�

�

�
	

�

�

x

�

�

�

�

�


�
	



�

�

x

���

��
�

�

k

x

�

	

�

�
�

�

�

�
	

�

	

�

�

x

�

�
�

�

�


�

	



�

	



�

�

�

k

x

�

•

	

�

�

�

�

�

	

�

�

x

�

�

�

�



�

	



�

�

�

k

•

�

x

�

�

	

�

�

x

�



�

	



�

�

�

x

�

�

� �

�
	

�

�

�

x

� �


�

	

�



�

�

�

•

�

�

�

�

�

� �

�

x

�

�

�

	

�

�

�

�

� �


�

x

�



�

�

�

x

�

	

�

�
�

�

� �

�
	

�

�

	

�

�

�

	

�

�
�

�

� �


�

	

�



�

	

�



�

�

�

x

�

•

	

�

�

�

� �

�

	

�

�

�

	

�

�

�

� �



�

	

�



�

�

�

•

�

x

� �

�

	

�

�

�

	

� �



�

	

�



�

�

(

R S

I

K Q H

D

LV

[

f

Z

s

V

D

S

[

 

F

L

*

E

R

D

S

[

P

!

" �

0

>

\

� � &

.

� �

�

�; - � �

)

� .

"

�

#

�%
$

&

�

'

( �

�

�

�

)

�%
$

�

�

'

�

( �

�

�

>

,*

�

8

�,+

�

$

&
'

�

?

] ]

�-

'

?

'

�

�

�- � �

-

�

1

-

'

�
.

�

�

-

�

&

.

a

�"

�

- &

*

A �A �

�

3

a

�"

�

� .

)

'

&- &

.

.

y

/

Œ

Š0

/

v

13
2

4

�

�
�

.

v

/65

Œ

0 0

4

Œ

7 7

4

Œ

Š Š

/

v

1

�

" %

-

'

�; -

� . !

&
' ]

�-

�

&

.

&

.

)

'

&- &

.

a

�"

�

>

,*

�

8

�

!

&
' ]

� � &

. ^

�

$

�

!

A

.

; -

�

&

.

�
'



�




�  � �	

�

�
� �

�

�

� �
�

�

��

� � �

� � �

� � �

� � �

� � �

� � �

� � �

� � �

� � �

� � �

� � �

� � �

t

� � � � � � � �

� � � � � � � �

� � � � � � � �

� � � � � � � �

� � � � � � � �

� � � � � � � �

� �

� �

� �

� �

� �

� �

N N

f

GPD

describes also
high-energy
[FNAL 82 Binkley et al.]

J/ y data

(

P

�	

 "

 �

Z

•

E M

L HJ

DG E
V h

-

M D D E
V

M I

 

E

J

G I
S

I DG E
V h

"�

� L

D I
S

e

N � S

E

J • R

Z

S

G

[

 

G

S H• K

E

J

"
#

0

>

�

�

� �
.

)

'

& � � &
!

/��

A &

.

�
�



�

�

�

�

�

�

$

�

.

�-

�
�

� � �

.

�

'

/

�

� �

>

�.

- �

'

� �-

� .

/

& � � �

' $

� �

�

�

�

�

6

@

�

�-

' �

�A -

�

&

.

 

;

�

�
.

/

�

^ �

-

�

�

�

�
.

@ �

�

,

��

� &
!

�

� �

�

� �

/

�

�

'

-

^ �

�-

�

�

$ '

�
.

�

$

�

'

� �

/
�

A &

. � ]

�

/

� .

/

>

�

���

� �

)

�

'

�-

�

&

. ! '

&

]

�

�

$

�

$

�

@ �; �

?

�

,

�

�

�

*

�

�

� �
.

3

a

�" � .

- �

'

)

'

�- �-

�

&

. %



�

�

�




� � �	

�

�
� ��

� � �

��

�

�

�

�


 ��

� 	

�

�
�

� � �

� � �

� � �

� � �

� � �

� � �

� � �

� � �

� � �

� � �

� � �

� � �

L

� � � � � � � � �

� � � � � � � � �

� � � � � � � � �

� � � � � � � � �
� �

� �

� �

	 	

	 	

	 	

p p

K *
r 0

GPD

hard

-0.2

0

0.2

0.4

0.1 0.2 0.3 0.4 0.5

-t = 0.5 GeV2

Jd = 0
Ju = 0.1

0.2

0.3

0.4

HERMES (preliminary)

x

A
U

T

(

P

� 	

 


 #

U D

�

X

S

I




DFG DW

�

•

)

I W D

V N �

E

J

W D

S L

E D

s

L

D

J

DG E
V h

0

>

$ '

�
.

�

$

�

'

� � - �

'

/

�- �

)

� .

� �

?

] ]

�-

'

?

� .

�

&



-

�

#��

- )

'

& � � �

�

�

�

6

+ �

)

a

�" �

�

�

4

�

�

�

�

o

�

�

�

� K

z��

���

�

/

�

/

�

�

��
� � �

 

� �

!

�" #

$
%

&
'

(

#

& (

#

()*

+,

-

*

,

$

# +.

$ !

+

*

% +%

�

&



-

�

$

&

/

01

24
3

�65

79
8

8

:;

�

79
<

.>= />?

? ?

/
@

1

A

.

@

/
? ? ?

/
@

1

 

�

���

& (

-

$

#

$ !

+

*

% B #

*

C

$

&

�

$

)D () $

E

�

F
G

�

G

 

� ,

&*

+%

! (

#

( & !

+%

H>
I

$

&

�

/

�

#

�

J

#

$ !

+

*

I

K +% +

! (M
L

&

+.

( (
N

() ! & ) $
%

) (

,



� ���

�� �� �
	

�


�

�

�

�






���




� � �

�

�
�


� 	 �

 �
	

�




� � �

� � �

� � �

� � �

� � �

� � �

� � �

� � �

� � �

� � �

� � �

� � �
� � �

� � �

� � �

� � �

� � �

� � �

� � �

� � �

� � �

� � �

� � �

� � �

K
+

� �

� �

� �

� �

� �

� �

� �

� �

� � �

� � �

� � �

� � �

p, K+ +

        

        

! ! ! ! ! ! ! !

! ! ! ! ! ! ! !
" "

" "

" "

" "

# #

# #

# #

# #

L

L, Sp 0

K 0

S+

GPD

hard

hard

 

$

%

&

%

&(
'

%*
)

-

#

* + (-,

-

*

,

$

# +.

(D

.

/
0 1

&

2

3

4

5

6 %

2

7

8:9

;=<

9

>?

�
@

: ; :

� 8 AB

C

D

E

�

�

8 A B

:

B

;

F

�
G �

8

H

< G

�
� 8 G

I �; �
� 8

: I5J

�

:

8

:

B

; 5

K

8M
L

;

N

;
<

L

> ?

�
@

: ; :

� 8 O

:

�

�

P

5

8

I

@ @

Q

I � � :5 5 ; �
R

S

H

R

T

;

R

U

H

R

T

;
V �

�J

W

V

�

�

� 5 5 5 : �;

A

�

B �

I ;

A

� 5

XZ
Y

A

[ :5

Q
\ �

I

B] G

J

�

;

Q
^

;

� A] 8

I

B

_ _

`

 

Fa

bd
c

e

+% C

( &*

% f

$

'

(

B

g
%

) !

+

*

%

&
h

 

i

jlk

+

En
m

* & (

%

+

,

g !
o

& (

-

$

#

$ !

+

*

%

 

p ,

&*

+%

! (

#

( & !

+%

H
I q +

H

o

L

r

C

( &*

%

-

#

* D g ) !

+

*

%

s s sm

( $ ) !

+

*

% C

()

o

$
% +

&

C h



� �


 


� � �
	

�




� 




� �

�

��




�

	

�




�

 

�� ,

) g &

+'

(

/

-

#

* D g ) !

+

*

% +

&

, + C +

!

+%

H

) $ & (*

B

! $

#

H

( !

B #

$

H

C

(

%

! $ !

+

*

% +% 1�

F

�

K #

$ ) ! g

#

(

B

g
%

) !

+

*

%

&

X��

�

:

B

; I [J :

Q
�

:

B

:

O A

I

B

�

_
	



�

:

\ @

�
� A

I

B

Q
^

I5 5 � ; :; I

@ �

Q

� � �

`

� G *

# #

(

,

$ !

+

*

%

& + ( !

f

( (

%

) g

# #

(

%

!

�

! $

#

H

( !



( ! &

s s s

a

%

(

�

-

,

*

#

(D

�

(

,

D

�

 

q

$

#

D (

�

)

,

g &

+'

(

-

#

* ) ( & & ( &

f +

!
o #

( &*

%

$
%

) ( (

�

)

+

! $ !

+

*

%

(

s

H

s

���

�
�

�

)

�

/

�

���
�

��

�

�

" #

$
%

&

+

!

+

*

% +%

D g ) (D +

E

f

(

, ,

L
D (

� %

(D

�

G

1

*

-

(

#

$ !*

#

�

�

(

f +% B

*

# C

$ !

+

*

%

$ +* g !

#

( &*

%

$
%

) ( & !

#

g ) ! g

#

(



�

�
� �



�

�

 

q

$

#

D (

�

)

,

g &

+'

(

C

( &*

%

-

#

* D g ) !

+

*

%

) $
%

-

#

* + (

+%

D

+' +

D g $

,

&

-

+%

���

$

'

*

#

) *

C

-

*

%

(

%

! &*

B

/
0 1

&

 

p

+ &*

,

g ! ( )

#

* & & & () !

+

*

%

& $ !

���

�

B

(

f

/ (
�

�

&
o

*

f

&

+

H

% + �

) $
%

!

� % +

! (M
L

&

+.

( (
N

() ! &

	




(

, ,

L

g
%

D (

#

& !* * D $ ! &

C

$

, ,

�

�

-

o

(

%

*

C

(

%

*

,

*

H

s C

* D (

,

&

f s � % +

! (

�

	

�
�

$ + (

%

(

#

H

+

( &

I �

( (D &

C

*

#

(

f

*

#�

�

,

m

$�

+

* * + & (

#'

$ +

,

( &

.

-

#

*

' +

D (

#

( &�

# +

) � (D

+% B

*

# C

$�

+

*

%

*

%

/
0 1

&

�

(

�

-

(

# + C

(

%

� $

, ,

E

B

$

'

*

#

$ +

,

(


